Boehringer Mannheim Award lecture. Phosphatidylcholine metabolism: masochistic enzymology, metabolic regulation, and lipoprotein assembly.
Phosphatidylcholine is apparently essential for mammalian life, since there are no known inherited diseases in the biosynthesis of this lipid. One of its critical roles appears to be in the structure of the eucaryotic membranes. Why phosphatidylcholine is required and why other phospholipids will not substitute are unknown. The major pathway for the biosynthesis of phosphatidylcholine occurs via the CDP-choline pathway. Choline kinase, the initial enzyme in the sequence, has been purified to homogeneity from kidney and liver and also catalyzes the phosphorylation of ethanolamine. Most evidence suggests that the next enzyme in the pathway, CTP:phosphocholine cytidylyltransferase, catalyzes the rate-limiting and regulated step in phosphatidylcholine biosynthesis. This enzyme has also been completely purified from liver. Cytidylyltransferase appears to exist in the cytosol as an inactive reservoir of enzyme and as a membrane-bound form (largely associated with the endoplasmic reticulum), which is activated by the phospholipid environment. There is evidence that the activity of this enzyme and the rate of phosphatidylcholine biosynthesis are regulated by the reversible translocation of the cytidylyltransferase between membranes and cytosol. Three major mechanisms appear to govern the distribution and cellular activity of this enzyme. (i) The enzyme is phosphorylated by cAMP-dependent protein kinase, which results in release of the enzyme into the cytosol. Reactivation of cytidylyltransferase by binding to membranes can occur by the action of protein phosphatase 1 or 2A. (ii) Fatty acids added to cells in culture or in vitro causes the enzyme to bind to membranes, where it is activated. Removal of the fatty acids dissociates the enzyme from the membrane. (iii) Perhaps most importantly, the concentration of phosphatidylcholine in the endoplasmic reticulum feedback regulates the distribution of cytidylyltransferase. A decrease in the level of phosphatidylcholine causes the enzyme to be activated by binding to the membrane, whereas an increase in phosphatidylcholine mediates the release of enzyme into the cytosol. The third enzyme in the CDP-choline pathway, CDP-choline:1,2-diacylglycerol choline-phosphotransferase, has been cloned from yeast but never purified from any source. In liver an alternative pathway for phosphatidylcholine biosynthesis is the methylation of phosphatidylethanolamine by phosphatidylethanolamine N-methyltransferase. This enzyme is membrane bound and has been purified to homogeneity. It catalyzes all three methylation reactions involved in the conversion of phosphatidylethanolamine to phosphatidylcholine.(ABSTRACT TRUNCATED AT 400 WORDS)